In 2007, the US construction industry experienced more fatalities than any other industry (1), with falls accounting for 37% of these fatalities (2) . Falls accounted for an even larger proportion of the fatalities in residential construction, causing 42% of fatalities in new single-family home construction, and 55% in residential framing (2) . Deaths due to falls in construction have risen in the past decade contrary to national trends of declining mortality from other occupational fatalities (3, 4) .
In a three-year active surveillance project with over 5000 unionized residential carpenters, falls from height accounted for 20% of all the US Occupational Safety and Health Administration's (OSHA's) recordable injuries (4) . These falls occurred most often from ladders, scaffolding, roofs, unsecured surfaces, and unprotected openings (5) . Fall protection strategies mandated by OSHA construction standards (6) and alternative strategies described in the OSHA residential guidelines (7), (such as guardrails, toe boards, tying off to appropriate anchors, and guarding openings) would have prevented many of these falls; unfortunately, these practices were not the norm at these sites (5) . Many of these non-fatal events (5) bear striking similarity to the fatal falls described in the fatality assessment and control evaluation program at the US National Institute of Occupational Safety and Health (8) .
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Construction worker safety when working on elevated surfaces depends upon a multitude of factors, including: (i) individual or intrinsic factors, such as physical agility, vigilance, knowledge, attitudes, and beliefs; (ii) organizational factors at the contractor level, such as equipment, safety climate, access, and management practices; and (iii) societal factors, such as federal inspections, safety standards, and economic conditions and resulting pressures. Individual skills necessary to succeed in construction are developed through school-based instruction and on-the-job mentorship. Organizational factors [such as the size of the firm (9) and observed safety environment or climate (5, 10) ] influence worker safety and vary greatly among contracting companies. Societal factors drive the pace of the construction trade and strongly affect both the organization and the individual.
The goals of this study were to describe the distribution of individual and organizational factors related to fall prevention in a large cross-sectional study of apprentice carpenters and examine associations between these factors and reported falls from height. Our study focused on residential construction workers, a high-risk population that has not been widely studied. The results from this project will help researchers, union leaders, apprenticeship trainers, and residential contractors identify and design interventions to improve fall prevention in the residential construction industry at both the individual level, through apprenticeship training experiences, and at the organizational level, through worksite assessment, mentorship, supervision, and the modification of building practices.
Methods

Population
The study population for our survey comprised apprentice carpenters who were attending regularly scheduled training at the Carpenters' Joint Apprenticeship Program (CJAP) in St Louis, Missouri, USA during a six-month period between December 2005 and May 2006. We initially sampled all apprentices to reach a goal of covering 200 apprentices in each year of the four-year, union-based training program; then we oversampled second-and third-year apprentices to provide a comparison group for future intervention studies. The CJAP is supported by the Carpenters' District Council of Greater St Louis and Vicinity and the Home Builder's Association of Greater St Louis. At the time of the study, there were 2400 apprentice carpenters in the four-year apprenticeship program. Of these, 90% performed residential construction.
Questionnaire development and administration
We identified domains of interest relevant to fall prevention by reviewing US construction safety standards (6, 7, (11) (12) (13) , fall statistics, and literature exploring fall causation, consultation with subject matter experts, and focus groups with apprentice carpenters at various stages of their training (14) . We reviewed existing measurement tools in the process of constructing questionnaire items, including some that were specific to construction (4, (15) (16) (17) (18) and others used in different occupational groups that explored relevant concepts (19) . We administered a preliminary version of the questionnaire to the CJAP trainers and several apprentices, facilitating feedback in focus group format. Our final questionnaire had 72 items with 11 domains including: demographic data, employment data, fall history, task performance and equipment use history and training, risk perceptions, knowledge, confidence, work-crew behaviors, workplace safety climate, barriers to fall protection, and training effectiveness.
The employment data section identified the amount of time worked in residential construction in the last year, employer size, and the average number of journeymen (skilled craftsmen) and apprentices in a work crew. In exploring fall history, we defined a fall from height as "falling from one height to another, like falling from a ladder or down several steps, but not a fall to the floor on which you are standing". If apprentices reported a fall from a height in the past year, they identified: (i) the type of surface from which they fell, (ii) the distance fallen, (iii) medical treatment and work status after the fall, (iv) factors that contributed to the fall, and (v) what could be done to prevent others from experiencing this type of fall.
Apprentices reported if they received school-based and on-the-job training prior to performing 11 designated work tasks or using specific equipment. Eight multiple-choice questions assessed fall-prevention knowledge of OSHA construction standards. Apprentices rated the degree of fall risk for 12 common work tasks and rated confidence in their ability to use safety equipment (2 items) and prevent falls (2 items). The frequency of 5 crew behaviors while working at heights was rated on a 5-point scale. Also using a 5-point scale, 5 items measured the apprentices' perceptions of their workplace safety climate. These items represented various levels of organizational factors described by Bolman & Deal (20) .
Instructors distributed the survey and informed consent forms to apprentices attending regularly scheduled school-based training at CJAP and explained the project and its voluntary nature. The apprentices placed all surveys, completed or not, in sealed envelopes and deposited them in a box in the classroom, from which a university researcher retrieved them. The Institutional Review Board at Washington University approved all procedures.
The questionnaire was distributed to 1037 apprentices in all stages of training, of which 1025 responded (98.9% response rate). Respondents comprised 43% of the 2400 apprentices in the Carpenters' District Council at Carpenters' District Council at at the time. The mean age was 26 years [standard deviation (SD) 5.8, range . The majority of apprentices were white males. Twenty-one percent (21%) of respondents were first-year apprentices, 30% second-year, 31% third-year, and 19% fourth-year apprentices. The majority of the apprentice respondents framed single-family homes for large-sized contractors.
Data management and analysis
We generated initial descriptive statistics for all variables including frequencies of categorical responses and distributions of continuous variables. Employer size was categorized into small (<25 carpenters), medium (26-75 carpenters), and large (>75 carpenters). We calculated the percentage of knowledge questions answered correctly for each participant. In order to calculate the scores for the safety climate, crew behavior, risk perception, and confidence domains, we added the score for each item within the domain (item scores ranged from 1-4 or 5), equally weighting each item, and divided by the number of items in the domain. For domains with missing items, we computed the mean score for that domain and imputed this mean value for the missing value(s) if at least 75% of the items were completed. Scale reliability was assessed using Cronbach's alpha to assess the internal consistency of items within the scales in our apprentice sample.
We expected that falls would be more common: (i) among apprentices with less carpentry experience, (ii) among residential compared to commercial carpenters, (iii) at sites where the ratio of apprentices to journeymen was high, (iii) and at sites with high rates of unsafe worker behavior when working at heights. Since our scales were internally consistent based on Cronbach's alpha (0.92 risk perception, 0.78 safety climate, 0.67 confidence, and 0.60 crew behavior), we used domain scores to combine individual variables for analysis. We explored the relationships between fall experience and the individual and organizational domains of the survey using standard parametric and non-parametric statistics. We computed crude odds ratios for each domain/variable and for the employer size categories for all falls from heights and ladder falls, and entered all variables/scales into multivariate logistic regression models using forward stepwise and backward selection methods. Variables with P-values ≤0.05 were considered to be statistically significant. We assessed the model fit using the Hosmer & Lemeshow goodness-of-fit test. Analyses were pre-specified and performed using SAS version 9.2 (SAS Institute, Cary, NC, USA).
Results
Over half of the apprentices reported knowing a colleague who experienced a serious work-related fall from a height. In the past year, 16% had personally fallen from a height. Of those who fell (N=164), 17 (10.4%) lost work time, 9 (5.6%) returned to restricted work, 26 (15.9%) received medical care, and 13 (7.9%) received prescription medication. The average distance fallen was 3 meters, with a range from 0.6-9 meters. The largest percentage (30%) of the falls occurred from ladders (figure 1). Loss of balance, slipping/tripping, and weather conditions were the most common contributing factors ( figure 2) . When asked what could be done to prevent someone else from experiencing the same type of fall, respondents mentioned two organizational factors (increased availability of proper working equipment and avoid working in bad weather) and one individual factor (working extra carefully). Other factors could be attributed to both the organizational and individual level, such as proper installation of equipment, slowing the work pace, and consistently using fall-protection methods.
We asked about common work tasks and equipment use related to falls or fall prevention. While most apprentices were trained prior to performing these tasks, their training was not aligned with the required work tasks (table 1) . Use of step and extension ladders were the two most common work tasks reported (97% and 96%, respectively) yet the least common tasks in which apprentices were trained prior to performance on the job (53% and 56%, respectively). Only two thirds of apprentices reported that they were trained before performing other common tasks at a height, including roof sheathing and setting trusses, joists, and outside walls. Conversely, 87% of apprentices were trained to use personal fall arrest systems (a body harness and lanyard used to arrest 
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Respondents rated step ladders as the work task or equipment which posed the least risk of causing a fall, while truss setting and working on the top plate were rated as having a high fall risk (table 2) . Confidence ratings were high among apprentices surveyed, even among those who reported falling in the previous year; most believed they could use the personal fall arrest system correctly and prevent a fall from heights.
When asked about work-crew behaviors, apprentices reported that they always or often observed crew members performing unsafe acts, such as standing on the exterior top plate (40%), walking on floor joists (36%), and using unopened step-ladders leaned against a wall (39%). Forty eight percent (48%) of the apprentices reported that personal fall arrest systems were not used at the worksite; only 13% of those surveyed responded that they were used often or always. However, more siding installers and roofers reported using the personal fall arrest systems often or always (28% and 22%, respectively). Despite OSHA's residential guidelines' requirement for controlled access zones to be monitored by a designated worker or foreman, 21% of apprentices reported that unprotected floor openings were never monitored.
Regarding the workplace safety climate, most respondents agreed that (i) journeymen teach them how to do the job safely, (ii) safety is a priority with management/foremen, (iii) there is adequate time to work safely and meet production deadlines, and (iv) they feel free to report safety violations. However, 16% reported that they had been asked to "sign off" on safety training that they did not attend. Respondents reported a mean number of four members in each work crew, including two journeymen and two apprentices, resulting in a mean journeyman to apprentice ratio of 1 : 1. a fall), although apprentices reported that these systems were commonly used at only 13% of worksites. Respondents to the questionnaire had a mean knowledge score (percentage correct) of 56%, ranging from 72% for the height requirements for fall protection to 35% for the size of a hole in the floor that must be covered. Most apprentices believed the size of a floor opening that required covering was 12 inches (30 cm) or larger in diameter, rather than 2 inches (4.4 cm) as defined by OSHA. Approximately half of the apprentices knew that standing on the external top plate (top of the outside house wall) was never permitted, although 27% believed it was allowed to install roof trusses or floor joists or lay out rafters. Correct extension ladder setting methods were known by less than two thirds of apprentices surveyed.
Factors associated with crew behaviors and falls
Safer work climate ratings demonstrated a moderate correlation (0.43) with safer crew behavior ratings (table 3) . Variables which demonstrated weak correlations with safer crew behaviors included: (i) receiving training in a greater number of tasks, (ii) higher confidence ratings, and (iii) working for a large-sized employer (versus a small-or medium-sized one). Weak, negative correlations were noted between higher percentage of apprentices at the worksite, higher risk perception ratings, and a greater amount of residential work (versus commercial). Knowledge and age were not correlated with crew behaviors.
Crude odds ratios for all falls from a height and ladders are described in table 4. Apprentices working in residential construction experienced more falls than those in commercial construction (17.7% versus 9.3%), and apprentices with <1 year in the carpentry trade experienced more falls than those with >5 years experience (18% versus 6.8% ). Apprentices working on crews 18% versus 6.8% ). Apprentices working on crews versus 6.8% ). Apprentices working on crews 6.8% ). Apprentices working on crews ). Apprentices working on crews with safer work behaviors and climates were less likely to experience falls, as were those on crews with fewer apprentices. Knowledge was not associated with falls from heights. There was no difference in the number of falls at contractors of different size.
Among apprentices working in residential construction, the strongest independent risk factor predicting falls was having <1 year of work experience (table 5) . Apprentices who performed a wider variety of work tasks were 52% more likely to experience ladder falls. For every 10% increase in the percentage of apprentices at the worksite, there was a 27% increase in ladder falls. Safer crew behaviors were protective, with a 1-point improvement in crew behavior resulting in a 10% decreased likelihood of all falls from a height and ladder falls.
Discussion
We surveyed 1025 apprentice carpenters to measure their fall-prevention knowledge, beliefs, fall experiences and views on crew behaviors, safety climate, and other factors associated with falls from a height. Despite participation in a formal apprenticeship program that 
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included both school-based and on-the-job training, apprentices performed tasks on the job prior to training, and many lacked essential fall-prevention knowledge, suggesting that the timing and content of carpenter apprenticeship training could be improved. Ladders accounted for most of the falls in our sample, which is similar to findings of previously published studies (21) (22) (23) . Worker training prior to ladder use on the job was rare. Apprentices reported unsafe ladder climbing behaviors by other crew members, which was confirmed by worksite observations at sites employing these apprentices where extension ladders were secured only 22% of the time and step ladders were used inappropriately at 49% of the sites audited (24) . Our finding of the apprentices' perceived low risk of falling from ladders is an example of inexperienced workers mistakenly perceiving that routinely used equipment does not require special knowledge or skills (25) . The low rates of ladder training suggest that contractors and apprenticeship trainers may also underestimate these risks.
Our results confirm that carpenters working in residential construction and apprentices with <1 year of experience are at greater risk of falling from heights. Apprentices on work crews characterized by a high number of apprentices are also more likely to fall from heights, suggesting that adequate on the job mentorship is essential. Apprentices working on crews that practice safe behaviors when working at heights are less likely to fall than those working with unsafe crew members, stressing the role of safe peer behavior in fall prevention.
This study had a number of strengths and limitations. We used surveillance data, fall prevention safety standards, previous instruments, and subject matter expert feedback to improve the content and construct the validity of our survey, while the scales demonstrated reasonable reliability. We surveyed 43% of the total apprentice population in our region and had very high response rates, suggesting that the internal and external validity of this work were good. The majority of our sample worked in residential construction, which gave us the opportunity to identify the fall-prevention needs of this high-risk, but infrequently studied, worker population. Although we used self-report to measure crew behaviors, results from this survey closely parallelled behaviors which we observed during the same time interval when auditing residential worksites (24) . This study was not able to examine the conditions at the worksite at the time of the fall; however, Lipscomb and colleagues (5) found that fall protection strategies were not in place when they visited worksites soon after falls from heights. Although our population of small contractors was too small to detect a difference in falls by contractor size, we did see a trend towards a greater number of falls in smaller-sized contractors, as suggested by Kines (9) , and safer crew behaviors in larger-sized contractors. Since this study surveyed only union carpenters, most of whom were young, white males, our findings may not be generalized to the non-union environment or older and more experienced carpenters, women, or minorities. Because of the crosssectional design of our study, the survey occurred after the apprentices had fallen, and their responses on the survey may have changed as a result of the fall.
Our findings add to the growing literature on the unacceptably high rate of falls in residential construction. Since falls account for most of the construction worker deaths in residential framing and the highest costs per injury claim (21) , interventions to address the personal and organizational factors associated with falls from heights are needed. Our research points to several factors that could improve worker safety at homebuilding sites. Use of the construction methods outlined in the OSHA residential guidelines (7) can decrease worker falls from heights; however, these methods are practiced inconsistently at best. Increasing contractor and carpenter awareness and understanding of the methods described in these guidelines, and increasing the use of available technologies at residential worksites is recommended. Personal fall arrest systems prevent worker falls to lower surfaces, yet they are not widely used during residential framing (24) .
Our research echoes findings from other industries that organizational factors and the workplace safety climate influence worker behavior (26, 27) . Previous work by our team (5) and Lipscomb et al (14) suggested that inexperienced carpenters do not receive the type or amount of mentorship they would like from journeymen on their work crews. Limiting the number of apprentices working at residential construction sites will increase the opportunities for mentorship; however many contractors have increased the number of apprentices on their residential crews in order to remain competitive in the current home building market. In addition, journeymen may underestimate their role in providing supervision and training to inexperienced workers.
It is apparent that there are many opportunities to improve the fall safety of residential carpenters, especially inexperienced workers. Carpenters can assume a more active role in ensuring fall prevention. Apprenticeship training programs can improve the timing and content of fall-prevention training. Contractors can ensure that their work crews are optimally staffed and there is adequate time, training, supervision, and resources to maintain the safety of the workers during all phases of the construction process. Researchers can partner with contractors to improve the safety culture, provide optimal supervision and mentorship, and infuse safe construction methods and technologies into the residential construction process. Policy-makers can increase the levels of enforcement of standards designed to protect workers from falls.
